The locations of the depressed emission in microwaves, EUV and soft X-rays are compared with each other and with the location of the plasma outflow in the active region (AR) 8535 on the Sun. We found that two open-field regions overlap the regions of depressed emission near the AR's sunspot. These two open-field regions are simulated with the potential-field source-surface (PFSS) model under radial distances of R SS = 1.8 R and R SS = 2.5 R . Each open-field region is located between the arcades of the loops of the same magnetic polarity. The former open-field region covers the region of the plasma outflow, which is thus useful for the tests on connection to the heliosphere. The utmost microwave depression of the intensity in the ordinary mode (the Very Large Array 15 GHz observations) also overlaps the region of the plasma outflow and thus indicates this outflow. The lasting for eight days depression in soft X-rays and the SOHO EIT 2.84×10 −8 m images are attributed to the evacuation of as hot coronal plasma as T ≥ 2 × 10 6 K from the extended in height ("open") magnetic structures. We conclude that the AR 8535 presents the sunspot atmosphere affected by the large-scale magnetic fields.
INTRODUCTION
Some bipolar active regions (ARs) have proven to be the sources of plasma outflows in the narrow band of different magnetic connectivity at the borders of the ARs (Del Zanna 2008; Baker et al. 2009; Mandrini et al. 2015) . Such bands are observed as the regions of depressed coronal emission and characterized by low coronal plasma density and unipolar magnetic field (Doschek et al. 2008) . They persist for days at the same locations in ARs. Some more observational features have proven to be well-elaborated tools for the investigation on the plasma outflow in the bipolar ARs. Unlike the bipolar ARs, the isolated sunspots are not sufficiently investigated.
The notion of the dark band was first introduced byŠvestka et al. (1977) as "dark coronal corridor", but subsequently became "dark band" since it appears dark under a wide range of temperatures (Scott, Martens & Tarr 2013) . The term "coronal parting" (CP) is used by Nikulin & Dumin (2016) on the global scale of the Sun. The simulated magnetic structure of the CP shows the band of open field lines separating two magnetic arcades. The closest to the band photospheric footpoints of the loops are of the same magnetic polarity but directed oppositely with strong divergence. This magnetic structure looks like the partition of two parts in a person's hairs. Nikulin & Dumin (2016) stated that the CP with a different X-ray brightness at the opposite sides occurs in the case of the different gradients of magnetic field: the higher the gradient, the higher the brightness of coronal emission. CP might pass through an isolated sunspot and a set of CPs might separate a bipolar AR. The authors noted that CP is associated with the region of a few percent brighter than the background in the chromospheric absorption line He 1.083 µm. In the lower layers of the atmosphere the CP is associated with the parallel rows of unipolar magnetic knots.
In this work, we compare the location of the sampled and earlier published observational features with the location of the plasma outflow in the large sunspot of the AR 8535 (Brosius & Landi 2005) . The cool loop fans (CLFs) clearly seen in the Transition Region and Coronal Explorer (TRACE) 1.71 ×10 −8 m images, as well as the CPs, and the regions of reduced microwave emission are tested as indicators of the plasma outflows and magnetic peculiarities. CLF can indicate the region of the plasma outflow (Warren et al. 2011 ) and the separation of the domains of coronal loops (Schrijver et al. 2010) .
To analyze the observed CPs and the involvement of the sunspot fields into the global magnetic structures we make use of the PFSS model, where the entire field lines at the radial distances r > R SS are taken as open (Altschuler & Newkirk 1969; Schatten et al. 1969) . If one proves the real "openness" of the field lines and the connection to the heliosphere, he/she should undertake a set of special investigations (Slemzin et al. 2013) , which are out of the scope of this work.
The reduced microwave emission was analyzed by Ryabov et al. (2015) as the counterpart of the depressed coronal emission in the periphery of the large isolated sunspots. This work continues to trace an analogy between the occurrence of the depressed emission, including microwave depression, in isolated sunspots and bipolar ARs. We make use of the Nobeyama Radioheliograph (NoRH) 17 GHz observations and the Very Large Array (VLA) microwave observations published by Brosius & White (2004) and Loukitcheva, Solanki & White (2014) .
OBSERVATIONS AND PFSS SIMULATIONS
2.1. Microwave observations 2.1.1. VLA observations Brosius & White (2004) obtained the coordinated EUV and radio observations of the large sunspot NOAA 8535 with the Solar and Heliospheric Observatory (SOHO) instruments (CDS, EIT, MDI) and the VLA on 1999 May 9 and 13. The spatial resolution of the VLA was about 15 , 10 , and 5 at frequencies of 5 GHz, 8 GHz, and 15 GHz, respectively. It is necessary to note here that this publication cites the involved AR 8535 as the AR 8539.
The authors attributed the total intensity (Stokes I) peaks to the gyro-resonance sources from the sunspot plumes seen in the EUV emission lines formed at T = (1.6 − 5) × 10 5 K. The microwave depression is clearly seen in Stokes I and V at 5 GHz and 8 GHz (panels 4c and 4f in Brosius & White 2004) when the sunspot was located at N20
• , W21
• on May 13. No microwave depression was reported at the sunspot location N22
• , E30
• on May 9. Loukitcheva, Solanki & White (2014) presented the VLA observations of the AR 8535 at 15 GHz in the magnetoionic ordinary (o-) mode ( Fig. 1 ) to eliminate the bright gyro-resonance radiation dominating in the extraordinary (x-) mode. They concluded that existing models of the sunspot atmosphere predict a bright core of 15 GHz source in the o-mode that contradicts the near-background level of the intensity observed with the VLA in the core of this sunspot-associated source ( Fig. 1) .
Let us note that the region of the utmost depression of 15 GHz emission in o-mode at the northern border of the sunspot overlaps the region of the negative Doppler velocities in a set of the EUV emission lines observed with the SOHO CDS by Brosius & Landi (2005) (see Fig. 3e in their publication). Iwai et al. (2016) confirmed that the umbra of relatively large and isolated sunspots provides the brightness temperature of the emission in long millimeter range (in Stokes I at 34 GHz) much lower than predict the current models of the sunspot atmosphere. Again, it is about the same as the brightness temperature of the surrounding quiet region.
NoRH observations
The Nobeyama Radioheliograph (NoRH) provides Stokes V and I maps of the Sun at 17 GHz with an angular resolution of 18 . Here we synthesize and clean the maps in right (R) and left (L) circular polarization using a set of the identical parameters.
The predominance of the radiation in magnetoionic x-mode over o-mode in a stable sunspot-associated source is well established. Hence, in the case of the xmode radiation, the one-to-one correspondence holds for R(L) circular polarization (Fig. 2b) overlaps the utmost microwave depression at 15 GHz (middle panel of Fig. 1 ) at the northern border of the sunspot umbra. Note that the 17 GHz depression detected on May 13 (Fig. 3b) is less pronounced. The reduced 17 GHz emission as the counterparts of the large-scale dark coronal structures S1 and S1 are noticeable outside the sunspot on both dates of May 12 and 13. Figure 4 shows that the round bright core of 17 GHz sunspot-associated source is absent while the sunspot is near the central meridian passage (CMP). The round core formed by contours in the range T B I = (3-8)×10
4 K appears near the solar limbs on May 15-18 and May 7-8, that is, within the moderate distances from the central solar meridian. It bears evidence of transparent gyro-resonance layers at 17 GHz while near the CMP. As for 15 GHz gyro-resonance radiation, Brosius & White (2004) noted only a compact source of the size less than the sunspot umbra on May 9 and May 13.
Coronal structures
The dark large-scale coronal structures S1 and S2 are clearly seen in the SOHO EIT 2.84×10 −8 m and Yohkoh/SXT images from May 8 until May 15, but hardly distinguishable at lower formation temperatures in the EIT 1.71×10
−8 m and 1.95×10 −8 m images (Fig. 5) . Harrison et al. (2003) argued that the eruption of prominence and the coronal mass ejection (CME) on the east solar limb on May 8 was accompanied by the mass loss in the low corona. Another start time for the dark structures S1 and S2 can be the CME overlying the ARs 8541 and 8535 on May 7 (Suzuki, Sakurai & Ichimoto 2006) . We cannot resolve the origin of S1 and S2 with confidence since these structures are not distinguishable on May 7 but become darkest on May 9. However, we suggest the long-lasting deficit of high-temperature plasma, T > 2 × 10 6 K, in these dark structures, since the formation temperature of the Fe XV emission line is about 2×10 6 K for the SOHO EIT 2.84×10 −8 m images (Moses et al. 1997) .
According to the results of the next section ( §2.3), the dark coronal structures S1 and S2 are the CPs. Each CP consists of two bright arcades of loops and a dark extended structure in between. In the case of the AR 8535, the X-ray brightness of the eastern arcade is higher than the western one (Fig. 5) . Figure 6 shows the small-scale structures observed as the fans of cool loops in the images taken in the TRACE 1.71×10 −8 m channel. These EUV images, which are sensitive to the emission at T ≤ 10 6 K, show the CLFs emanating from the vicinity of the sunspot. The CLF of interest (pointed to by white arrow) is rooted near the region of the maximum Doppler upward velocity measured by Brosius & Landi (2005) and the region of the utmost 15 GHz depression in o-mode in Fig. 1. 
PFSS simulations of field lines
The PFSS model is chosen to compute the field lines between the r = R level, where the radial magnetic field distribution is specified, and the source surface level r = R SS , where the field vector is taken to be radial with intension to simulate the solar wind outflow. The only free model parameter is the radial distance R SS . A new open-field region is revealed by diminishing the free parameter down to R SS = 1.8 R in between the ARs 8535 and 8539. Note that the photospheric footpoints of the open field lines CP2 (Fig. 8b) resemble the observed dark coronal structure S2 (panel 3d). We have proved that the form of the darkest part of S2 nearly corresponds to the form of the open-field region CP2 in the course of solar axis rotation, as if S2 locates deep in coronal layers.
DISCUSSION AND CONCLUSIONS
In Fig. 9 we compile the above discussed features to resume the comparison of the observational features indicating the peculiarities of magnetic and emission structures.
We find that CP is useful as the observational feature indicating open-field region. The CPs in the bipolar ARs tend to cross nearly perpendicular the axis between the sunspots of opposite polarity (Nikulin & Dumin 2016) . Near the large sunspot in the AR8535 the direction of the CP1 seems to be more dependent on the large-scale fields in the sense that the involved magnetic arcades originate on the large scale from the AR to the northern polar region (Schrijver & DeRosa 2003) .
Instead of observed CP, one can use the computations of quasi-separatrix layers (QSLs) in the case of the rigorous topological presentation of the field line connec- tivity. Baker et al. (2009) argued the relevance of the QSLs location for driving the plasma outflow. Let us exemplify these arguments for the case of the AR 8535.
(1) The occurrence of the outflows observed over or near a unipolar magnetic area. Indeed, the outflow locates at the side of the sunspot 8535 adjacent to the weak magnetic fields of the same polarity as that of the sunspot. We suggest that this distinctive region of the plasma outflow is applicable to the tests on its connection to the heliosphere (Slemzin et al. 2013) . It can be a primary source of the slow solar wind.
The region where is rooted the CLF with the pronounced separation between the endpoints of the loops is known as an indicator of a QSL (Schrijver, DeRosa & Title 2010) . Warren et al. (2011) commented the tendency of both closed cool loops and plasma outflow, which are associated with the open magnetic structure, to occur in the same area. The authors related this to the specific magnetic topology, but not to the ability of a fan of loops to convey the plasma outflow. The downflows dominate in the bright cool loops, while the outflows occur at higher temperatures, presumably within the open magnetic lines. More recent Doppler velocity measurements of Young, O'Dwyer & Mason (2012) give evidence for the redshifts (plasma downflow) in CLFs under temperatures T < 8 × 10 5 K, while the other group of loops under higher temperatures, T > (1.3 − −1.6) × 10 6 K, shows no perceptible Doppler velocities.
We regard the CLF near the sunspot 8535 as an indicator of the region of plasma outflow but not as a structure able to convey the plasma outflow.
To extend the analogy between the origins of the depressed emission in and outside the sunspot 8535, one needs the strong evidence that there are the extended in heights ("open") magnetic field lines above the sunspot. Since the near-radial field lines produce the low propagation angles near the time of the CMP, the opacities in o-and x-mode for gyro-resonance microwave radiation and in o-mode for free-free radiation decrease. It is a good reason to suggest the near-radial fields at the heights of microwave radiation.
Nevertheless, we cannot confirm with confidence the extension of the open-field region of the CP2 into the sunspot. It is despite the facts that the dark band of the reduced emission at 5 GHz and 8 GHz and the slightly depressed soft X-ray emission come across the sunspot in line with the open field lines simulated with the PFSS. Some more detailed EUV images are required to discern if the observed dark band of the depressed emission is bordered with the arcades of cool loops. Such arcades are not resolved in the SOHO CDS images.
We suppose that the future model simulations of the microwave radiation of the sunspot-associated source will test the suggestions on the magnetic structure above the sunspot 8535. Then the model results will give the way to the succeeding plasma diagnostics in microwaves.
The conclusions are as follows:
(1) The 8 day-lasting coronal depression seen in the soft X-ray and the SOHO EIT 2.84×10 −8 m images imply the low emission measure for the coronal radiation due to the hot (T ≥ 2 × 10 6 K) plasma evacuation in the coronal magnetic structures S1 and S2. The coronal fields simulated with the PFSS model under R SS = 2.5 R for S1 and 1.8 R for S2 appear to be the open-field regions.
(2) There are two indicators of the location of the plasma outflow region within the S2. First, the CLF seen in the TRACE 1.71×10
−8 m images serves as an indicator of the outflow region at the border of the sunspot. Second, the location of the utmost depression of 15 GHz emission in o-mode is taken as one more indicator. Taking into account that the wavelength of the most microwave depression depends on how far distanced is the sunspot from the central solar meridian (Bezrukov et al. 2011) , we propose to make use of the microwave observations near the time of the CMP in search for the plasma outflow.
(3) According to the results of the PFSS modeling, the plasma outflow at the border of the sunspot locates in the open-field region. Hence, the two-day observations of blueshifted Doppler velocities performed by Brosius & Landi (2005) have provided a distinctive region of the plasma outflow for the tests on its connection to the heliosphere.
